W e r e p o r t on the c h a r a c t e r i s t i c s of the d i u r n a l l y varying e l e c t r o n flux observed near the polar cap. servations near F t . Churchill, Manitoba i n 1967 of both the e l e c t r o n flux v e r t i c a l l y incident on the atmosphere and the e l e c t r o n splash a lbedo. t o the f l u x of e l e c t r o n s below 100 MeV incident on the atmosphere during daytime. energies $100 MeV i s consistent with geomagnetic cutoff v a r i a t i o n s c a lculated f o r models of the magnetosphere. W e deduce a geomagnetic cutoff r i g i d i t y of 6 1 7 MV f o r the nighttime i n t e r v a l and between 70 and 110 MV f o r the daytime i n t e r v a l a t an i n v a r i a n t l a t i t u d e near 68 The discussion i s based upon balloon ob-W e measured an e l e c t r o n splash albedo flux below 100 MeV equal The observed d i u r n a l v a r i a t i o n of the flux of e l e c t r o n s with 0 i n 1967.
primaries. There s t i l l e x i s t s however, a concern about an apparent d i screpancy between t h e low primary e l e c t r o n fluxes derived from balloon observations and t h e s a t e l l i t e r e s u l t s of Fan e t a 1 1968 , which a r e c l o s e r i n magnitude t o the higher albedo fluxes quoted by I s r a e l and Vogt k 9 6 S b l . I n t h i s paper w e s h a l l present f u r t h e r evidence, based 1 1 INSTRUMENT The d e t e c t o r system used i n these observations w a s a s c i n t i l l a t i o n v counter telescope (Tl, T2) including a gas Cerenkov counter (C), and a spark chamber with lead p l a t e s and a s c i n t i l l a t i o n counter for energy determination.
ing paper [ I s r a e l 1969a], h e r e a f t e r r e f e r r e d t o a s paper 1. Three of t h e balloon observations t o be discussed ( F l i g h t s C1, C2, C3) were performed This d e t e c t o r system has been described i n an accompanywith t h e "normal" d e t e c t o r configuration a s described i n paper 1. One o t h e r observation ( F l i g h t C4) was performed with a modified d e t e c t o r conf i g u r a t i o n . The f i r s t modification involved changing t h e coincidence requirement f o r a n a l y s i s from a T1, T2, C t r i p l e coincidence t o a double coincidence between T 1 and T2, recording s e p a r a t e l y w i t h each event whether a t r i p l e coincidence occurred. t h i c k lead p l a t e s t o t h e spark chamber. They were placed i n four spaces 2 Secondly, w e added four, 5.8 g/cm between chamber gaps where t h e normal configuration contained no lead.
This modification allowed the measurement of low energy protons and alpha p a r t i c l e s which stopped o r i n t e r a c t e d i n t h e spark chamber. It a l s o allowed a lower, although less clean, energy threshold f o r e l e c t r o n measurements.
coincidence events except where otherwise noted. I n t h i s paper, a l l e l e c t r o n measurements a r e due t o t r i p l e 5.
BALLOON FLIGHTS
The data reported i n t h i s paper a r e derived from four balloon f l i g h t s with our e l e c t r o n detector. The balloons were launched from Fort Churchill, Manitoba i n June and July, 1967. Table 1 summarizes p e r t i n e n t f l i g h t conditions. pointed toward t h e zenith. During f l i g h t C3 the d e t e c t o r was inverted t o look a t the upward moving, splash albedo.
On f l i g h t s C1, C2, and C4 t h e d e t e c t o r telescope Contours of constant geomagnetic cutoff r i g i d i t y i n t h e Churchill v i c i n i t y are shown i n Figure 1. Also shown a r e t h e t r a j e c t o r i e s of the four f l i g h t s Raven, 19671. The c u t o f f s i n t h i s f i g u r e were calculated using a s p h e r i c a l harmonic expansion of the e a r t h ' s i n t e r n a l magnetic f i e l d Shea e t a l , 19685. The t r u e c u t o f f s a r e lower than these values and vary with loca'l t i m e a s shown i n t h i s paper. i i A l l f l i g h t s occurred during q u i e t geomagnetic conditions. Figure 2 shows t h e planetary magnetic index, Kp, during the period of our observat i o n s [Lincoln, 1968 . The d a i l y averages of t h e monitor count r a t e during a l l f l i g h t s d i f f e r e d by from t h a t of f l i g h t C l Lockwood, J. A., p r i v a t e evidence t h a t these f l i g h t s occurred during q u i e t both a morning f l u x increase and a n evening decrease.
They are included i n t h i s I n the data of f l i g h t s C 2 and C 4 t h e morning s t e p i s a l s o apparent, occurring e a r l i e r and less sharply than i n C1.
evening t r a n s i t i o n . and C4, respectively. The counting s t a t i s t i c s f o r type 2 events a r e not a s good a s f o r type 1 and the f l u x v a r i a t i o n i s not a s large, but a n evening t r a n s i t i o n i s apparent during f l i g h t C 1 and a morning t r a n s i t i o n i n C2.
There may be a similar t r a n s i t i o n i n C4, but i t i s not a s obvious.
The event r a t e s f o r types 3 and 4 display no s i g n i f i c a n t diurnal f l u x v a r i a t i o n . This f a c t , as w e l l a s the lack of a f l u x t r a n s i t i o n i n f l i g h t C3, i n d i c a t e s t h a t the t r a n s i t i o n s i n the f l u Cerenkov counter s i g n a l accompanies t h e event.
Both energy loss counters r e g i s t e r a pulse height corresponding t o energy l o s s between 0.5 and 1 . 7 times "minimum". c ) N o guard counter s i g n a l accompanies the event.
d) The spark chamber contains a s i n g l e s t r a i g h t track.
These events record protons above 16 Gev which do not i n t e r a c t i n the detector. Because of t h e i r very high r i g i d i t y , w e expect the f l u x of these protons t o d i s p l a y no temporal v a r i a t i o n . The rates shown i n Table 2 v e r i f y our previous q u a l i t a t i v e statements, t h a t events of types 0, 1 and 2 have a c l e a r diurnal v a r i a t i o n , while events of types 3, 4 , and P have no s t a t i s t i c a l l y s i g n i f i c a n t v a r i a t i o n .
9.
DISCUSSION
Our r e s u l t s c l e a r l y show t h e presence of t h e diurnal v a r i a t i o n of low energy e l e c t r o n fluxes near F o r t Churchill i n 1967, which was seen by J o k i p i i e t a 1 Webber
Our data from f l i g h t C1 (see Fig. 3 
12.
We take j(E) spectrum below 100 MeV (see paper 1 ) . For flight C4 we may further lower this estimate for the average nighttime cutoff by considering the type 0 events (Fig. 6) . The change in count rate indicates that the nighttime cutoff lies somewhere in or below the interval 4 to 12 MeV. Since 12 MeV at the detector corresponds to 17 Mev at the top of the atmosphere, we conclude that the average nighttime cutoff rigidity during flight C4 is below 17 MV.
d.' To estimate the daytime cutoff energy, E we assume that the daytime energy spectrum has a discontinuity at EA, the electron energy at the detector corresponding to E Electrons with energy above E' are above the cutoff at all times, day and night, so we take the total daytime spectrum (primaries plus atmospheric secondaries)
above E : to be the same as the locally measured nighttime spectrum at the same energies (see paper 3 ) . Below E : the daytime spectrum is the sum of return albedo and atmospheric secondaries. We estimate the return albedo spectrum as equal to our measured splash albedo spectrum (see paper l), and the daytime atmospheric secondary spectrum as equal to the nighttime one.
at the top of the atmosphere. --I 1 place t h e morning and evening approximately a t 0600 and 1800 hours l o c a l t i m e respectively, w e have investigated the dependence of t h e t r a n s i t i o n time on geomagnetic l a t i t u d e .
I n Figure 8 we represent t h e t r a j e c t o r i e s of f l i g h t s C1, C2, and C4 i n a coordinate system of geomagnetic l a t i t u d e vs. l o c a l time. Along each t r a j e c t o r y w e i n d i c a t e when t h e type 1 event r a t e was within one standard deviation of i t s day or night value (from Fig. 3 ) . It appears t h a t the geomagnetic cutoff remains below 20 MV l a t e r i n the morning a t higher l a t i t u d e s . This i s q u a l i t a t i v e l y reasonable because a t s u f f i c i e n t l y high l a t i t u d e s (>70° i n the model of Gall e t a 1 remain below 20 MV a t a l l times. It would not be appropriate t o make any detailed, q u a n t i t a t i v e conclusions from t h e r e s u l t s i n Figure 8 
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The c a l c u l a t i o n s assume t h a t the i n t e r n a l f i e l d of the e a r t h i s a simple dipole; the l a t i t u d e shown i s the dipole l a t i t u d e .
Our experimental points a r e p l o t t e d a t a l a t i t u d e , h, defined 4 by Rc = 14.9 (;v cos h where R i s the cutoff calculated on C r 1 t h e b a s i s of the r e a l i n t e r n a l f i e l d Shea et&. 1968 . For the l a t i t u d e s considered i n t h i s paper, the l a t i t u d e so derived agrees within k 0.2' with i n v a r i a n t l a t i t u d e . 
